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One of the chief values, experimentally, of the chorio-allantoic membrane of
chick embryos seems to lie in its ability to present a means for developing in a
relatively short time, lesions similar to those found in human pathology. This
has been demonstrated on numerous occasions by various investigators who have
used bacteria, viruses, parasites and then fungi. Of great importance also is
the determination of virulence of strains of microorganisms with which the
chorio-allantois is inoculated. In my experience, virulence as determined
with this membrane has been demonstrated with various strains of different
species of Mycobacteria—acid-fast organisms (1).
In previous publications it was demonstrated that the chorio-allantois served
several purposes. First, it has been possible to differentiate, to a certain extent,
various strains of organisms by the type of membranal response. Second, the
evolution of an experimental lesion has been reduced from weeks or months, as
seen in animal inoculations, to days. Third, these inoculations have made it
possible to follow the evolution of a lesion, both macro- and microscopically. It
has been relatively easy to trace the morphological changes in microorganisms,
especially fungi, as a result of the adaptation to a parasitic mode of life. Fourth,
but by no means of less importance, it has been possible to determine the speed
with which microorganisms are able to invade tissue and produce lesions. This
is one of the phenomena of virulence.
Phialophora vcrrucosa is one of several organisms which may cause the disease
chromomycosis (chromoblastomycosis) or dermatitis verrucosa cutis.
Chromomycosis is defined as a chronic granulomatous disease involving usually the
extremities and rarely other parts of the body. The lesions may be papular, nodular,
verrucoid, with or without ulceration and abscess formation. There has been no authentic
report of a systemic invasion. The lymph glands are rarely involved. Regional adenop-
athy may be present and is usually attributed to a secondary bacterial involvement. Pain
or pruritus is rare.
The artificial production of lesions of this disease in laboratory animals has not been
satisfactory. In 1915, Lane (2) reported that P. verrucosa was non-pathogenic for guinea
pigs. In rats and mice a chronic skin lesion was produced which was similar to that seen in
man. Intraperitoneal inoculations caused extensive tubercie formation in from 4 to
8 weeks.
In 1932, Balifia, Bosq, Negroni and Quiroga (3) triturated biopsy material from a case
1 Studies, observations and reports from the Laboratory for Mycology, Department of
Dermatology of the Barnard Free Skin and Cancer Hospital, service of Dr. M. F.
Engman, Sr.
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of this disease in physiological saline and inoculated two monkeys intratesticularly. One
died of a pyogenic infection and the other remained healthy, apparently having absorbed
the inoculated material.
Wilson, Hulsey and Weidman in 1933 (4), using an emulsion of a strain of P. verrucoaa
isolated from their case, injected mice and rats, intraperitoneally, intramuscularly, intra-
testicularly and in some cases into the deep tissues of the leg. Of two inoculated mice one
showed small nodules in the great omentum. Of nine rats inoculated, nodules were found
in one or two cases on the surface of the spleen and liver, extending into the parenchyma.
The prevertebral, mesenteric and inguinal lymph nodes showed granulomas and the great
omentum contained lesions. The skin did not respond and the microorganism did not
proliferate. The testes showed enlargement and sinus formation. No time was given for
the development of the lesions. They concluded that the fungus was of low virulence.
MacKinnon in 1934 (5) inoculated in rats a strain of P. verrucosa isolated in Uruguay.
One rat inoculated intraperitoneally was sacrificed after 110 days. A nodule, the size of a
grain of rice, was found which contained pus with mycelial filaments and some spores of the
type seen in human tissue. Another rat injected intraperitoneally with this material was
sacrificed after 100 days. No lesion developed. Another rat receiving an intraperitoneal
injection and, sacrificed after 110 days, showed no lesions. One rat injected subcutaneously
and sacrificed after 80 days showed a small abscess at the point of inoculation.
Emmons and Carrión in 1936 (8) inoculated rats with Hormodendrum pedrosoi, another
causative agent of chromomycosis. Rats killed six weeks after inoculation showed only,
evidence of proliferation of the fungous cells but no indication of an infectious process.
With the exception of the inoculations reported by Lane, experimental production of
chromomycosis in laboratory animals has either been negative or of little value. Because
of the success attained in inoculating the chorio-alladtois with fungi (7) and the rapid devel-
opment of lesions with the reversion of the organism to a parasitic state, it was deemed
advisable to utilize the chorio-allantoic membrane for inoculation with strains of P. verru-
cosa. Should such a procedure give the desired results then much could be gained in the
future both as to elimination of saprophytes so common in such a disease and determination
of pathogenic strains.
MATERIALS AND METHODS
Cultures of two strains of P. verrucosa were used in the inoculations. The
first was grown by Medlar and described by Thaxter in 1915 (8). The fungus
was isolated from a chronic skin lesion on the buttock of a 22 year old man. It
was given the new generic name of Phialophora because of the cup-like, spore-
bearing structures. The specific name of verrucosa was selected because the
lesion clinically was similar to verrucous tuberculosis. This strain was kept
in culture by Thaxter, then by Dodge and is now being maintained by me, a total
of approximately 27 years.
The second strain of P. ver-rucosa was isolated in the latter part of 1938 from
a verrucous lesion on the face of a 67 year old man. This case was presented
at the first annual meeting of the American Academy of Dermatology and
Syphilology, November 14 and 15, 1938 (9) and reported in detail in January,
1940 (10).
Subcultures were grown on Sabouraud's glucose agar for 20 days. This
medium was chosen since the organism tends to produce more aerial mycelium
on such a substratum. A compact, subsurface growth is characteristically
found on other mediums. A thick suspension of the growth was made in sterile,
physiologic saline and this was used for the inoculations.
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The method of ehorio-allantoie membrane inoculations has been described previously
(7). It is essentially tbe method of Coodpasture and Buddingh (11). Briefly, it consists of
the following: Fertilized eggs are incubated in a standard, electric, thermostat-controlled
egg incubator for 10—14 days, maintained at a temperature of 98°F. A cm. square window is
cut in the shell so as to expose the chorio-allantoic membrane. The fungus is deposited
on the surface of the membrane and the window covered with a sterile eoverslip, sealed
with a paraffin-vaseline mixture (1:10). The inoculated eggs are then placed in a bacteri-
ologic incubator and maintained at approximately 34°C. When growth has developed
on the membrane after a period of days (5—8 days), the eoverslip is removed and a few drops
of Zenker's fixative (with S per cent glacial acetic acid) are placed on the membrane. The
hardened membrane is then removed with a pair of fine, curved end scissors and placed in
Zenker's solution. The fixed membrane is washed, dehydrated, cleared in xylol, embedded
in paraffin, sectioned, mounted on slides and stained with hematoxylin and eosin.
OBSERVATIONS
When cultured, P. verrueosa develops colonies which are spherical or irregular in appear-
ance, somewhat raised with aerial myeelium and with or without ridges, excrescences or
dendroid formations. The color varies from rat gray, dark or light olivaceous green to
oehraeeous brown or black. Microscopically, there are seen filaments or septate hyphae
which branch or are in moniliform chains, 2—6 microns in width. The sporogenous cells are
short, ampulliform or more elongate, usually terminal or irregularly distributed near the
ends of branehlets. The spores or conidia are ovoid to ellipsoid, elongate or short, 1—3 x 2—4
microns. These eonidia occur usually in groups at the mouth of the phialide or cup and are
held together by a mucilaginous material termed gloea.
In human tissue or pus, the cells of the fungus are dark brown, thick-walled, spherical or
irregular in appearance, single, multiple or multilocular, approximately 3—10 microns in
diameter. They reproduce by enlargement and cross-wall production to form mulberry-
like clusters and never by budding. In old, necrotic lesions, short filaments may be found
which are germinations of the spherical or sclerotic cells.
The lesion microscopically simulates tuberculosis or blastomyeosis except for the finding
of the characteristic fungus cells. There is marked hyperkeratosis and aeanthosis of the
epidermic due to hyperplastie changes in the epidermal cells. Some parakeratosis may also
be noted. The result is a thickening, broadening and elongation of the interpapillary pegs.
In the eorium there is an intense infiltration, edema and fibrosis with discrete granu-
lomatous lesions showing central areas of polymorphonuelear leukoeytes, plasma cells,
eosinophiles, Russell's fuehsin bodies, epithelioid cells, maerophages, fibroblastie changes,
discrete micro-abscesses and giant cells of the Langhans or foreign body type, arranged in
tuberele-like fashion. Within these giant cells or in the abscesses the sclerotic cells of the
fungus can be seen, either as single cells or grouped in clusters.
Phialophora verrucosa—1.915 strain
Eggs were incubated 12 days and observed 5 and 8 days after inoculation.
Grossly, the membranes show yellowish to light brown plaqucs with ahazy gray
infiltration in the surrounding area. The embryos were alive.
Microscopically, the membrane shows a reaction to the fungus which is made
evident by edema and inflammation with resultant thickening and proliferation
of the affected layers. The ectoderm shows a marked response in the formation
of nodules consisting of an outer zone of aerial mycelium of P. verrucosa (fig.
1, 1). Adjoining this is a lightly staining (with cosin) granular, opaque material
within which can be seen an intertwining mass of hyphae, round cells and some
phialides. A third layer is seen which is contiguous with the ectoderm. Here
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FIG. 1. Chorio-allantoic membranes showing results of primary inoculations with Phia-
lophora vcrrucosa, 1915 strain, after 8 days. H. and E. stain. All magnifications prior to
reduction. 1. Ectodermal proliferation resembling hyperkeratosis as a result of presence of
P. verrucosa (x205); 2. Section through mesoderm showing group of eosinophiles sur-
rounded by fibroblasts (x630); 3. Section through mesoderm showing increased number of
capillaries and infiltrate of various cells (X145); 4. Section through mesoderm showing
fungous elements engulfed by giant cells (X940).
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there is a darker staining matrix within which there are fungous elements, but
also an overwhelming number of monoeytes and leukoeytes which extend into
the ectoderm as do the fungi. The eetoderm further shows hyperplasia and
proliferation. The invaded areas of the eetoderm show whorls of proliferating
ectodermal cells, some in the form of giant cells of the Langhans or foreign body
type, within which can he seen fungous elements. Many of these proliferate
into the involved mesoderm. There are also seen nests of leukocytes and a large
number of eosinophiles. The ectodermal layer is necrotic in the area of greatest
response, but is markedly thickened at the margins of the lesion. In other re-
gions of the ectodcrm where the response is not so great, there is definite cornifica-
tion or hyperkeratinization with the formation of striae analogous to those seen
in the human stratum corneum. As further evidence of this keratinization,
ectodermal pearls may be seen in the mesoderm. Short fungous filaments can
be seen in this area of the ectoderm.
In the mesoderm, perhaps the outstanding response is the large number of
eosinophiles. These can be found freely distributed throughout most of the
affected mesoderm, while in other areas they are seen in the center of whorls of
cells, the latter no doubt of ectodermal origin. The mesoderm underlying the
affected ectoderm is thickened. From the ectodermal-mesodermal junction
where the reaction is greatest, a number of proliferating fibroblasts can be seen
which show evidence of migration into the mesoderm. Here they form groups
of cells in the center of which are eosinophiles (fig. 1, 2). The reaction in the
mesoderm does not extend deeply throughout. On the whole, the greatest
activity is just beneath the affected ectoderm (fig. 1, 3). In this area there
is an increase in the number of capillaries packed with red blood cells. In some
cases, the reaction extends down to the entoderm, but these are few. In addi-
tion to the cells mentioned, there are seen some lymphocytes and mononuclear
leukocytes scattered throughout the affected mesoderm while in some areas
groups of these cells or of epithelioid cells phagocytizing fungous elements may be
found deep in the mesoderm, but relatively few in number.
The invading fungus is seen chiefly in the edematous area just beneath the
necrotic ectoderm. In a few instances it is found deep in the mesoderm. In
most cases the fungus is found within an area of cellular activity surrounded
generally by epithelioid cells in the form of giant cells or as described above,
surrounded by various types of cells (fig. 1, 4). On the whole, there is not
marked invasion by the fungus. Except for the nodular growth on the ecto-
dermal surface, there is no indication that the fungus is showing rapid growth
in the mesoderm. Combining the cellular response, which is not exceedingly
great, with the amount of fungus proliferation, it would indicate that although
the fungus shows potentialities of tissue destruction and disease production,
it cannot be interpreted, in the light of such reactions in the chorio-allantoic
membrane, as a very virulent strain of P. verrucosa.
The entoderm, in spite of the reaction in the ectoderm and mesoderm, is not
affected.
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Phialophora verrucosa, 1915 strain-—serial passage
Transfers were made from inoculated eggs by triturating the infected mem-
branes in 1.0 cc. sterile physiologic saline. Two or three drops from a 5 cc.
syringe (no needle) were allowed to fall on the membranes of eggs incubated 11
days and examined 8 days after inoculation. Macroscopically, the membranes
show numerous discrete nodules with a hazy gray infiltrate in the surrounding
area. All the embryos were alive.
Microscopically, the membrane is much thicker in the areas of the nodules.
Of the three layers of the chorio-allantois, the mesoderm shows the greatest
amount of thickening in the affected area. The ectoderm shows marked hyper-
plasia, particularly at the margins of the larger lesions, but also throughout the
whole area of the smaller nodules. The entoderm does not appear to be affected.
The ectoderm of the larger nodules is particularly of interest. On its outer
surface, there is first an aerial growth of the fungus made up of filaments and
spores. Underlying the loose aerial mycelium is a compact zone of closely inter-
woven filaments and round cells. Dispersed throughout this zone are some
monocytes and degenerate polymorphonuclear leukocytes. Immediately ad-
jacent to this layer is a lightly staining, granular, opaque matrix within which
can be seen filaments and round cells, but especially phialides and phialospores.
Just underlying this area and contiguous with the ectoderm is a dark, pink-
staining layer within which are a large number of monocytes, polymorphonuclear
leukocytes, mostly degenerate, and filaments of the fungus. The area of the
ectoderm adjacent to this nodular outgrowth is quite thin and made up of epi-
thelial cells, some of which are in the form of giant cells. At the margin of the
inoculum the ectoderm is thicker.
In the smaller lesions, the affected area is nodular in appearance as a result
of the hyperplasia of the ectoderm. Within this layer, the ectodermal cells
are increased in number. In addition, there are some eosinophiles, polymor-
phonuclear leukocytes and small capillaries. Of chief interest, of course, is the
presence of the fungus. In some areas of the ectoderm, P. verrucosa is found
freely distributed and except for the hyperplasia of the thickened ectoderm there
is no other indication of the pathogenic nature of the organism. In other areas,
however, the fungus is surrounded by epithelioid cells which may indicate a
process of giant cell formation. In these cases, the fusing of epithelioid cells
involves the entire filament which is proliferating actively into the underying
mesoderm.
The mesodermal response in fungous inoculations of the chorio-allalltoic mem-
brane is usually very enlightening and instructive. In the region of the meso-
derm beneath the large nodules on the ectoderm there can be seen large numbers
of mononuclear leuckocytes and lymphocytes actively proliferating as indicated
by the large number of mitotic figures (fig. 2, 5). These cells may be seen in
groups, in whorls within which are seen fungous elements or freely distributed
throughout the mesoderm. In other smaller clumps there are many epithelioid
cells engulfing fungus cells as giant cells or perhaps in the act of forming giant
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FIG. 2. Chorio-allantoic membranes showing results of inoculation with triturated
membranes infected with Phialophora vcrruçose, 1915 strain (serial passage), after 8 days.
H. and E. stain. All magnifications prior to reduction. 5. Section through mesoderm.
Note increased proliferation of the various infiltrating cells (X140); 6. Section through
mcsodcrm showing giant cells engulfing fungus filaments (X870); 7. Section through meso-
derm showing engulfed filaments of P. verrvcosa (X630); 8. lEctodermal hyperplasia and
invading filaments of P. vcrrucosa showing a foreign body reaction (X 710).
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cells (fig. 2, 6—7). In other areas, giant cells may be found in the mesoderm as
isolated structures. Within these, short filaments or fungus cells may be seen.
There is also an active proliferation of the mesoblastic cells. Eosinophiles may
be found especially in the areas of cellular activity, but also distributed through-
out the mesoderm. Polymorphonuclear leukocytes are not seen in any striking
amount, hut are found in the areas of greatest cellular activity. One of the
striking features of the mesodermal response is the increased number of capillaries
throughout the affected layer, many of them in and around the active centers.
The mesoderm underlying the smaller nodules shows a similar type of response.
The invading fungus is seen in the mesoderm either as single, spherical cells
or as short filaments of arthrosporous-like cells, chiefly the latter. These may
he found free in the tissue usually surrounded by various types of cells in the
process of being phagocytized or engulfed by giant cells or chiefly within giant
cells as foreign bodies (fig. 2, 8). The number of fungus cells and the reaction
of the mesoderm are greater in this case than in the primary inoculations. This
would seem to indicate an increase in virulence on the part of this strain of
P. verrucosa. It may be well to consider that in general serial passage from
animal to animal seems to enhance the virulence of organisms. This perhaps
may be attributed to time as a factor or to the fungus becoming accustomed to
the environment and consequently showing increased growth ability and greater
tissue reactivity. However, with fungi, virulence can be determined either by
the production of lesions, the character of such lesions, the time necessary to
produce the reaction and, in some cases, the morphology of the fungus in tissue.
Using these arbitrary criteria of virulence as a standard, it would appear that
the serial passage of P. verrucosa has somewhat enhanced the virulence of the
organism. The morphology of the fungus in tissue has changed relatively little
as compared with the fungus seen in culture, except for a few cells seen in giant
cells. This would indicate that the fungus is, therefore, not markedly virulent
as seen in the inoculation of the chorio-allantoic membrane.
Phialophora verrucosa—1 938 strain
Eggs were incubated 14 days and observed 7 days after inoculation. The
membrane shows grossly, opaque, grayish-yellow, thickened plaques with brown
to black nodules, apparently fungous growths. There is a grayish-yellow in-
filtrate in the area surrounding the nodules, while in other sites there is a thick-
ened plaque with the lesions apparently intramembranal. All embryos were
alive.
Microscopically, the picture is quite different from that seen in the inoculations
with the 1915 strain of P. verrucosa. The organism has invaded the membrane
so that the ectoderm is completely replaced by fungus cells and by the tissuecells
of an inflammatory type (fig. 3, 9). The whole membrane presents a picture of
edema or inflammation with areas of necrosis and loss in character of the layers
of the membrane except the entoderm. In areas, nodules are found within the
mesoderm with a central accumulation of fungus cells surrounded by tissue cells.
The large nodules of the membrane consist of a loose, interwoven network
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FIG. 3. Chorio-allantoic membranes showing results of primary inoculation with Phia-
lophora verrucosa, 1938 strain, after 7 days. H. and E. stain. All magnifications prior to
reduction. 9. Section through membrane. Note invasion by fungus and loss in character
of ectoderm (X208); 10. Thick-walled, brown, multilocular cells (parasitic type) seen inloose nodular growth on ectoderm. Note filaments around a portion of the cells (X6l0);
11. Granulomatons nodule in mesoderm, a result of rapid invasion. Central area of para-
sitic type of cells (1<140); 12. Oil immersion photomicrograph of center of nodule of (11)
showing characteristic parasitic cells (1<1500).
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of filaments and cells of P. verrucosa with a more compact, irregular periphery.
The lower section of the nodule is embedded deeply in the mesoderm. Through-
out the loose central area of the nodule can be seen groups of the typical thick-
walled, brown, multilocular cells so characteristic of the fungus in human lesions
(fig. 3, 10). Surrounding the nodules may be seen filaments which have not yet
become converted into the parasitic type of cells. Scattered throughout the
loose fungous growth are numerous monocytes, red blood cells and lymphocytes
The base of the nodule is embedded deeply in the mesoderm with a periphery of
compactly interwoven mycelial elements. Interspersed among the fungous ele-
ments are numerous mononuclear leukocytes, lymphocytes, polymorphonuclear
leukocytes and some red blood cells. In the remaining portion of the underlying
mesoderm can he seen an increased number of capillaries.
The involved portion of the membrane not showing nodules consists of a
layer made up of fungous structures, monocytes, red blood cells and lympho-
cytes. This layer replaces the ectoderm completely. In the underlying meso-
derm can be seen scattered monocytes and many capillaries packed with blood
cells. The entoderm does not appear to be affected.
Of particular interest is the presence of large nodules within the invaded
mesoderm (fig. 3, 11). These consist of a central area made up almost entirely
of the brown, thick-walled, sclerotic, multilocular cells simulating a huge mu!-
berry cluster (fig. 3, 12). Immediately surrounding and penetrating into the
clusters are mononuclear and polymorphonuclear leukocytes and some lympho-
cytes. The appearance is that of a granulomatous nodule with the periphery
showing an attempt at fibrosis.
The whole picture of invasion, necrosis of the ectoderm. and replacement
by fungus cells and an inflammatory process, plus the mesodermal nodules indi-
cate an ability of this strain of P. verrucosa to produce damage rapidly. The
conversion of large numbers of the cells or filaments into the characteristic
sclerotic cells found in human, parasitized tissue aids greatly in establishing this
isolate as a virulent organism. The lack of giant cells here, but such a prominent
feature in the inoculations with the 1915 strain, can perhaps be accounted for
by the rapid growth and invasion of the 1938 isolate. No doubt the destruction
of the tissue, especially of the ectoderm, played an important part in keeping
these cells from. being formed.
SUMMARY AND CONCLUSIONS
The use of the chorio-allantoic membrane of the chick embryo for the deter-
mination of pathogenicity of microorganisms is relatively recent. In the com-
paratively short time that this structure has been in use, it has proved beyond
doubt that it is one of the most useful tools in the biologic investigations for
which it has been adapt.ed.
In the ease of inoculations with fungi, the chorio-allantois is as good as, but
in most instances much better than, laboratory animals. This is indicated by
the rapid reaction of the membrane to the inoculated fungi, with the time being
cut down from weeks or months to days; by the possibility of observing micro-
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scopically the changes that take place in the tissue; by the conversion of the
fungi to their parasitic morphology; and by the determination of virulence by
such inoculations.
The value of the chorio-allantoic membrane has been established in the work
presented here using P. verrucosa as the inoculum. From a practical standpoint,
it was noted that the lesions resulting from P. verrucosa inoculations had de-
veloped in a very short time, 5 to 8 days as compared with 4 to approximately
15 weeks. The distinctness of the reactions, always an important feature in
experimental work, is especially notable in the membrane. This cannot be
overemphasized in the light of the experimental, animal work carried on by
others.
The microscopic response of the tissue to the strains of P. verrucosa varied in
accordance with the virulence of the inoculum. This was made apparent with
the fungus of low virulence by the foreign body type of reaction accompanied by
a slow invasion of the membrane. The edema, inflammation and thickening of
the ectoderm present a picture of superficial, rather than deep involvement. The
retention of the filamentous form of the fungus and the engulfing of these by
macrophages with a foreign body response again bear out the low virulence.
Passage of infected material to other membranes somewhat enhances the
virulence of the fungus. This is made apparent by the greater response of the
membrane in general and more marked reaction to the fungus in particular.
The 1938 strain of P. verrucosa, however, shows a picture, microscopically,
which is compatible with virulence. This is manifested by the rapid invasion
of the membrane by the fungus; by the formation of large nodules within the
mesoderm; by the conversion of the fungus cells to the type characteristic of
human lesions; by the lack of giant cells as a result of rapid invasion; and by the
complete loss in character of the involved ectoderm, showing a marked cellular
response.
The degree of low virulence in the 1915 strain unquestionably can be attributed
to the fact that this organism has been growing on artificial medium for approxi-
mately 27 years. However, the features of high virulence as exemplified by the
membranes inoculated with the 1938 strain of P. verrucosa and contrasted with
what has been interpreted as low virulence in the 1915 strain, certainly establish
the chorio-allantoic membrane as a valuable asset in such determinations with
fungi. The inadequacy of "takes" in animal inoculations with P. verrucosa
as compared with the rapid results obtained by the use of the chorio-allantois
must also be borne in mind in the further evaluation of the chick membrane
technic.
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